LUMINESCENCE MEASUREMENTS Luminescence Spectra -Setup and fitting for the Fluorimeter
Fluorescence measurements were performed with a Hitachi F-7000 fluorimeter Metrohm Inula GmbH, Vienna, Austria (http://www. metrohm.com) equipped with a red-sensitive photomultiplier tube R9876 (PMT) from Hamamatsu Photonics Deutschland GmbH, Herrsching am Ammersee, Germany (http://www.hamamatsu.com). A self-made fitting Figure S1 was installed, enabling the excitation with a diode laser. The fitting allows for thermostatted and stirred measurements. A 120 mW laser diode with a peak emission at 980 nm, a NIR interference filter (980 nm, FWHM: 10 nm) from Melles Griot GmbH, Bensheim Germany (www.cvimellesgriot.com) and a collimator lens were used for luminescence measurements. Oxygen partial pressure was adjusted using a gas mixing device of vögtlin instruments, Aesch, Switzerland (www.red-y.com), nitrogen gas, and compressed air. The gas mixing device was triggered by a selfmade LabVIEW code.
Calculation of the Stern-Volmer constant (K SV ) using a modified two-site model 1, 2 Equation 1 was used for the calculation. Here, x is the adjusted partial pressure of oxygen in hPa -1 and f is the fraction of completely quenchable indicator dye with the correlating SternVolmer constant K SV. The Stern-Volmer constant of the second fraction is assumed to be unquenchable.
Lifetime measurements Setup
The setup consisted of 980 nm CW laser module (200 mW, 130 W cm −2 ) from Picotronic, Koblenz, Germany (www.picotronic. com) and an optical chopper (MC2000 with two slot chopper blade MC1F2) from Thorlabs, Dachau, Germany(www.thorlabs. com). We used optical bandpass filters (FF01-535 and FF01-665/ 150/25) from Semrock, Rochester, New York (www.semrock.com) for measuring single emission bands. The signal was amplified using a Photomultiplier unit (PMT) from Presens, Regensburg, Germany (www.presens.com) and analyzed using a digital storage oscilloscope (DSO 8204) from Voltcraft, Wollerau, Switzerland (www.voltcraft.ch) in combination with a home-made Lab-VIEW-code.
Figure S1
Photographs of the home-built fluorimeter fitting. (a) Picture of the fitting attached to the fluorimeter. In the front, the junctions for the thermostat can be seen. The lens visible in the back is originally used for the excitation light of the fluorimeter when used in the originally setup. The lens on the right hand side is the optical pathway to the PMT. (b) Photograph of the fitting from the side. The laser beam passes the interference filter and the collimator lens before it interacts with the sample in the cuvette (not shown). The emission of the sample is recorded from a 90°angle (PMT is on the front side when connected with the fluorimeter).
Calculation
The UCNPs exhibit very long decay times in the µs-regime. We used a single exponential decay data fitting based on the single exponential decay law (Equation 2):
Where I(t) is the fluorescence intensity as a function of time, I 0 is the fluorescence intensity at t = 0; t is the time after the absorption; and τ is the lifetime (time when the fluorescence intensity has decreased to a value of 1/e, or ∼37%).
ABSORPTION AND EMISSION SPECTRA OF THE COMPONENTS
3 CHARACTERIZATION Transmission electron microscopy (TEM) of the UCNPs was performed using a 120 kV CM12 Transmission Electron Microscope, Eindhoven, Philips, The Netherlands.
INFLUENCE OF MAGNETIC NANOPARTICLES ON THE SENSOR PERFORMANCE
In general, two opposite effects are observed by the introduction of magnetite into the sensor particles. The first is a decrease of the luminescence intensity due to quenching of the luminescence. The second effect is an increase of the signal intensity because of the magnetically collection of the particles. For a better estimation of the extent of those two effects a test was conducted. Sensor particles without and with magnetic nanoparticles were measured in dispersion ( Figure S5a) . The quenching Figure S4 TEM images of the core-shell upconverting nanoparticles.
effect leads to a signal reduction by a factor of approximately six. By comparing the emission intensity of magnetic sensor particles in dispersion and collected an improvement of the signal by a factor of about 10 becomes evident ( Figure S5b) . Even though the magnetite quenches the luminescence significantly, the signal is nearly doubled by magnetically collecting the sensor particles compared with the signal of non-magnetic sensor particles.
For a better understanding of this phenomenon, we sintered PPSQ particles containing only one optical component with and without magnetite ( Figure S6 ). The emission of MFR is dramatically quenched in presence of the magnetite ( Figure S6a ) -only 5% of the signal was visible. The heavy reduction of the MFR emission explains the partial loss of the sensing ability of magnetic sensor particles in presence of magnetite -there is nearly no energy that can be passed from MFR to PtTPTBP. 
RESPONSE CURVES OF MAGNETIC AND NON-MAGNETIC PARTICLES
The S/N was ∼35 and ∼13 for magnetic and non-magnetic particles in dispersion, respectively. The S/N ratio has been calculated as the ratio of the average signal value to the standard deviation of the signal.
Figure S7
Response curves toward dissolved oxygen of (a) magnetic sensor particles and (b) non-magnetic sensor particles. The nonmagnetic sensor particles are measured in dispersion; the magnetic ones are collected in the focus of the 980 nm laser diode beam.
